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a b s t r a c t 

Background: Parkinson’s disease is a neurodegenerative disorder, and a major cause of disability. Lev- 

odopa, a prodrug of dopamine, remains the gold standard in the pharmacological management of Parkin- 

son’s disease. Despite several attempts to improve the clinical efficacy of levodopa, new oral levodopa 

formulations are needed to overcome irregular absorption and variable plasma concentrations. 

Objective: The aim of this study was to evaluate the in vitro and in vivo kinetic properties of chitosan- 

coated hydroxypropylmethyl cellulose microparticles of levodopa (and carbidopa). 

Methods: Microparticles were formulated by encapsulating levodopa powder in chitosan-coated hy- 

droxypropylmethyl cellulose using the spray-drying method. Levodopa microparticles were evaluated for 

size, zeta potential, drug loading capacity, encapsulation efficiency and in vitro release. In evaluating in 

vivo pharmacokinetics, Sprague Dawley rats were administered either levodopa/carbidopa powder, lev- 

odopa/carbidopa microparticles, or Sinemet CR (a controlled release formulation of levodopa/carbidopa). 

The dose of respective formulations administered was 20/5 mg/kg; 20 mg levodopa combined with 5 mg 

carbidopa per kilogram body weight of animals. Treatments were administered via the oral route every 

12 hours. Blood samples were collected after predetermined times following the third dose. Plasma was 

obtained from blood collected, and levodopa levels determined by HPLC. Pharmacokinetic parameters, 

including C max , T max , AUC, and t ½ of the various formulations, were estimated. 

Results: The mean (SD) size of levodopa microparticles was 0.5 (0.05) μm with polydispersity index of 

0.41 and a zeta potential of 10.8 mV. Of the expected 20% drug loading, the actual drug loading capac- 

ity of levodopa microparticles was found to be 19.1%, giving an encapsulation efficiency of 95.7%. The in 

vitro release kinetics of levodopa microparticles showed a controlled and sustained release, with about 

80% release occurring after 12 hours. In vivo pharmacokinetic studies showed that rats administered lev- 

odopa/carbidopa microparticles had greater AUC (612.7 [17.42] ng.h/mL) and higher C max (262.4 [38.86] 

ng/mL) compared with Sinemet CR: AUC 354.7 (98.09) ng.h/mL and C max 95.5 (20.87) ng/mL. However, 

Sinemet CR had a much longer half-life (6.1 [2.58] hours) compared with levodopa/carbidopa microparti- 

cles (2.0 [0.31] hours). 

Conclusions: Findings from this study suggest that chitosan-coated hydroxypropylmethyl cellulose mi- 

croparticles of levodopa/carbidopa may give relatively high levels of levodopa in circulation. ( Curr Ther 

Res Clin Exp. 2020; 81:XXX–XXX) 
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Parkinson’s disease (PD) is a progressive neurodegenerative dis- 

rder that influences the ability to control the skeletal muscu- 

ar system. PD mostly presents with tremor, stiffness, and slowed 

ovements, with postural instability appearing in some patients as 

he disease progresses. 1 PD affects more than 1% of the population 

lder than age 55 years, and nearly 3% of the population older than 

ge 70 years. 2 In Africa, there is paucity of data on prevalence of 

D; however, reports suggest a prevalence of 7 out of 10 0,0 0 0 in

thiopia and 67 out of 10 0,0 0 0 in Nigeria. 3 

PD is pathologically characterized by the loss of dopamine- 

roducing neurons in the basal ganglia of the brain. The low 

opamine levels in the brain leads to fundamental motor symp- 

oms such as bradykinesia, distal tremor, and muscle rigidity. Co- 

orbidities known to occur with PD include sleep disturbances, 

epression, dementia, falls, and fractures. PD has no cure, and this 

ay be due to the idiopathic nature of the disease. As such, cur- 

ent therapies neither slowdown nor stop the progression of the 

isease. 4 Treatment is therefore aimed at relieving symptoms and 

mproving the quality of life of patients. Of all drugs available for 

he management of PD, 1 found to be clinically efficacious is the 

iological precursor of dopamine, levodopa. 5 Although levodopa is 

egarded as the gold standard, adverse effects that come with its 

rolonged use are potentially disabling. 6 Some of these adverse ef- 

ects include motor fluctuations and levodopa-induced dyskinesia. 7 

Furthermore, a challenge with the use of levodopa is its pe- 

ipheral (gut wall, liver, and kidney) decarboxylation, by dopa de- 

arboxylase, to dopamine. 8 For this reason, levodopa is coadmin- 

stered with a peripheral dopa decarboxylase inhibitor, carbidopa. 

his approach increases levels of levodopa reaching the brain and 

lso reduces adverse effects such as nausea, vomiting, cardiac ar- 

hythmias, and hypotension. Although levodopa/carbidopa com- 

ination is effective, there may be dyskinesia and severe on-off

otor fluctuations. 9 These potentially disabling motor complica- 

ions are associated with variable drug absorption and fluctuat- 

ng plasma concentrations of levodopa due to its short half-life. 10 

ometimes, management of PD may include the use of catechol- 

-methyl transferase inhibitors (eg, entacapone). 11 Combination of 

evodopa/carbidopa with catechol-O-methyl transferase inhibitors 

s known to improve levodopa bioavailability. 12 

Recent studies have formulated agents that try to maintain a 

ear-constant levodopa plasma concentration to maximize thera- 

eutic effect. Some of these new approaches include controlled 

elease formulations and improved drug delivery systems of lev- 

dopa. 13 , 14 Polymer-based delivery systems have been shown to 

mprove the pharmacokinetics of drugs, decrease side effects, and 

ncrease efficacy. 15 One unique polymer for oral drug delivery 

s chitosan, which is pH sensitive, and has remarkable physic- 

chemical (easily modified chemically and reactive side groups) 

nd biological (biocompatible, nontoxic, and biodegradable) prop- 

rties that makes it a promising candidate for drug delivery in the 

astrointestinal tract. 15 Furthermore, microparticles are known to 

ave effective drug entrapment and controlled release profiles. Mi- 

roparticles are useful drug delivery systems that are successful in 

ncapsulating both water insoluble and sparingly soluble agents to 

mprove their therapeutic efficacy. 16 The current study, therefore, 

ought to formulate chitosan-coated hydroxypropylmethyl cellulose 

HPMC) microparticles of levodopa (and carbidopa) and evaluate in 

itro and in vivo kinetic characteristics. 

aterials and Methods 

aterials 

Levodopa and carbidopa powders were purchased from Sigma- 

ldrich (St Louis, Missouri). Glutaraldehyde was purchased from 
2 
WR International (Radnor, Pennsylvania). HPMC was a gift from 

rnest Chemist Limited, Ghana. All other reagents used for experi- 

ents were of analytical grade and purchased from approved sup- 

liers. 

reparation of levodopa microparticles 

Preparation of levodopa microparticles was done according to 

he spray drying technique described by Nettey et al, 17 with minor 

odifications. To prepare microparticles with 20% drug loading, 1 

art levodopa was added to 4 parts polymer. The polymer (HPMC) 

olution was prepared by weighing 10 g HPMC powder into 200 

L deionized water. Levodopa solution was prepared separately, 

y weighing 2.5 g levodopa powder into 100 mL deionized water, 

ollowed by the dropwise addition of 10 M hydrochloric acid un- 

il the drug was completely dissolved. The levodopa solution was 

lowly added to HPMC solution with stirring. This was followed by 

he addition of deionized water to make a final volume of 400 mL. 

he homogenous mixture obtained was stirred on a magnetic stir 

late for 1 hour, after which 2 mL glutaraldehyde (50%) solution 

as added to cross-link HPMC molecules. To quench the cross- 

inking, 2 mL of a 1% sodium bisulfite solution was added to the 

ixture and stirring continued for 1 hour. After that, 50 mL of a 

.15% chitosan solution was then added to the solution containing 

rosslinked HPMC with levodopa. This was to allow for the adsorp- 

ion of the chitosan unto the polymer surface. The solution was 

eft to stir on the magnetic stir plate for 1 hour. The resulting solu- 

ion was fed into the Bilon-60 0 0Y laboratory spray-dryer (Shanghai 

ilon Instrument Co Ltd, Shanghai, China) to obtain levodopa mi- 

roparticles. Samples were protected from light in the entire pro- 

ess. 

Carbidopa microparticles were also prepared in a similar way 

s described. 

ize and zeta potential determination of levodopa microparticles 

Size and zeta potential was determined as described by Gomes 

t al, 18 with slight modification. One milligram of levodopa mi- 

roparticles was weighed and suspended in 20 mL deionized wa- 

er. The suspension was further diluted with deionized water and 

ransferred into a cuvette. To determine the average size and zeta 

otential of the microparticles, the cuvette was placed into the 

ell holder of the Malvern Nano Zetasizer (Malvern Instruments 

nc, Westborough, Massachusetts). The intensity fluctuations in the 

cattered light was analyzed and used to calculate the size of mi- 

roparticles by an inbuilt digital correlator. 

ontent analysis of levodopa microparticles 

The actual drug content of microparticles was determined us- 

ng a reverse-phase HPLC method described by Bhatnagar et al, 19 

ith minor modifications. A mass of 25 mg levodopa micropar- 

icles (weighed in triplicate) was crushed in a mortar, and sus- 

ended in 10 mL deionized water. The pH was adjusted to 2.6 

ith hydrochloric acid to allow for the dissolution of levodopa. 

he suspension was transferred into Eppendorf tubes, and cen- 

rifuged at 30 0 0 rpm for 10 minutes at 25 °C. A portion of the su-

ernatant was diluted to a final concentration of 100 μg/mL from 

hich further serial dilutions were made to obtain the concen- 

rations 50, 25, and 12.5 μg/mL. A tenfold dilution was further 

ade from the 50 μg/mL and 12.5 μg/mL to obtain 5 μg/mL and 

.25 μg/mL solutions respectively. The above solutions (100, 50, 25, 

2.5, 5, and 1.25 μg/mL) were pipetted into new Eppendorf tubes 

nd 20 μL each was injected into an HPLC system (Agilent Tech- 

ologies System, Hamburg, Germany). The HPLC had the follow- 

ng chromatographic conditions: mobile phase composed of 0.01 M 
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hosphate buffer (adjusted to a pH of 2.68 with hydrochloric acid) 

nd methanol (20:80 v/v). An injection volume of 20 μL, a flow rate 

f 1.0 mL/min for 10 minutes and a wavelength of 280 nm were 

sed. A Vertex Plus C18 (Chromline Equipment Company (Mum- 

ai, Maharashtra)), 150 × 4 mm column was used for all analy- 

es. The HPLC method showed good linearity with coefficient of 

etermination ( R 2 ) of 0.996 for the calibration curve of levodopa. 

obile phase run periodically contained no detectable amount of 

rug. Coefficient of variation was < 15% for replicates and also for 

ntra- and interday precision. The sample recovery in the formu- 

ation was high, showing values of 92% (0.58%), 95% (0.94%), and 

8% (1.35%), respectively, for samples spiked at 1, 5, and 10 ppm of 

rug. 

ncapsulation efficiency of levodopa microparticles 

Encapsulation efficiency of levodopa microparticles was done 

o determine how effective the HPMC polymer was in entrapping 

he drug. After the determination of the actual amount of drug in 

5 mg microparticles, the theoretical amount of drug supposed to 

e in 25 mg microparticles was also calculated. The encapsulation 

fficiency was determined using the formula: 

 Encapsulation efficiency = 

Actual drug amount 

Expected drug amount 
× 100 

n vitro drug release of levodopa microparticles 

Samples of levodopa microparticles (75 mg) were weighed and 

ransferred into empty size 0 gelatin capsule shells. The filled cap- 

ules were placed in the baskets of USP Dissolution Apparatus 1 

Distek Inc, North Brunswick, New Jersey), and each of the vessel 

asks was filled with 500 mL phosphate buffered saline (PBS) of 

H 6.8. After the temperature reached 37 °C, the baskets were low- 

red into the vessels and allowed to rotate at 100 rpm. After, 5 mL 

uffer (receiver fluid) was drawn from the vessel flask at the fol- 

owing time points: 0, 0.25, 0.5, 1, 2, 4, 8, 12, and 24 hours, for 

nalysis and replaced with an equal amount of fresh PBS (temper- 

ture of 37 °C). The amount of drug released was determined by 

PLC, as described by Bhatnagar et al 19 and reviewed above. The 

elease experiment was performed in triplicate. 

ormulations parameters for carbidopa microparticles 

For levodopa microparticles, the size (with polydispersity index) 

as estimated using the same methods as described earlier for lev- 

dopa microparticles. 

n vivo pharmacokinetic evaluation of levodopa/carbidopa 

icroparticles 

nimal acquisition and housing 

Male Hsd:Sprague-Dawley rats weighing 150 to 200 g and aged 

 to 8 weeks, were obtained from the Department of Animal Ex- 

erimentation, School of Biomedical and Allied Health Sciences, 

niversity of Ghana, Korle-Bu. The animals were housed in stain- 

ess steel cages. Each rat occupied a minimum space of 2 ft 3 (61 

m × 31 cm) with soft wood shavings as bedding. Rats were fed 

ith normal pellet diet (Agrimat, Kumasi, Ghana), given water ad 

ibitum, and maintained under optimal laboratory conditions (tem- 

erature 25 °C [ ±1 °C], relative humidity 60% to 70%, and 12-hour 

ight–dark cycle). All feeding and water troughs were cleaned reg- 

larly to prevent contamination. Animals were housed in an in- 

pected and approved facility. The animals were acclimatized to 

his environment for 2 weeks before experimentation. By simple 

andom sampling, the Sprague-Dawley rats were put into 3 groups 

onsisting of 5 animals each. 
3 
rug administration and blood sample collection 

Animals were fasted overnight before administration of treat- 

ents. Animals in Group 1 received the positive control drug 

Sinemet CR (Merck Pharmaceutical, Kenilworth, New Jersey) 

levodopa/carbidopa controlled release]), Group 2 received lev- 

dopa/carbidopa powder (combined in a ratio of 4:1), and rats in 

roup 3 were given microparticles of levodopa/carbidopa (com- 

ined in a ratio of 4:1). The dose of the respective formulations 

dministered was 20/5 mg/kg. That is, 20 mg (levodopa) combined 

ith 5 mg (carbidopa) per kilogram body weight of the animals. 

reatments were administered via the oral route every 12 hours. 

oth powder and microparticles were suspended in water before 

dministration (via an oral gavage). After administration of the 

hird dose, rat tails were snipped and blood samples collected into 

DTA tubes at time intervals 0.25, 0.5, 1, 2, 4, and 12 hours. A solu- 

ion of 25% sodium metabisulfite in water was made and added to 

at blood samples collected in a 1:10 v/v ratio of 1 part of 25% 

odium metabisulfite solution in water to 10 parts of rat blood 

ample collected. This was to minimize oxidation of levodopa in 

lood. Blood samples were immediately centrifuged at 10,0 0 0 rpm 

or 5 minutes at 25 °C to separate plasma. 

etermination of plasma levodopa levels 

Levodopa in plasma was analysed using HPLC, as described 

y Elbarbry et al, 20 with minor modifications. Stock solution of 

evodopa (4.6 mg/mL) was freshly prepared by dissolving the an- 

lytical standard in 0.5 M perchloric acid. Working solutions with 

oncentrations at 1840, 920, 460, and 46 μg/mL were obtained 

y serial dilution of the stock solution with methanol containing 

.05% v/v perchloric acid. 

A stock of the internal standard solution was prepared by dis- 

olving 20 mg methyldopa in 15 mL deionized water to obtain 

 concentration of 1.3 mg/mL. Working internal standard solution 

as prepared by making 1:100 dilution of the stock (1 μL methyl- 

opa standard in 99 μL methanol containing 0.05% perchloric acid). 

All stock and working standards were stored at –20 °C until 

nalysis using HPLC. Briefly, levodopa in plasma was extracted us- 

ng protein precipitation method with perchloric acid as the pre- 

ipitating agent. To 50 μL rat plasma, 100 μL of the working in- 

ernal standard solution and 25 μL of 0.5 M perchloric acid were 

dded. The mixture was vortexed for 2 minutes and centrifugation 

as done at 10,0 0 0 rpm at 4 °C. Supernatant was then transferred 

nto an auto-sampler vial. A Cecil Adept HPLC system (Cecil In- 

trumentation Services Ltd, Cambridge, United Kingdom) consist- 

ng of an auto-sampler, a binary pump, and a model diode-array 

etector was used. The chromatographic analysis was performed 

sing the Zorbax (Sigma-Aldrich (St Louis, Missouri)) C18 column 

4.6 mm × 300 mm) with a particle size of 5 μm and column tem- 

erature of 40 °C. The mobile phase consisted of 20 mM phosphate 

uffer (pH 2.5) and methanol HPLC grade. This was run at a flow 

ate of 1 mL/min for 10 minutes. An injection of 20 μL of the su- 

ernatant was made directly into the analytical column for imme- 

iate HPLC analysis. Absorbance of levodopa was detected at 280 

m. Quantitation of the unknown (levodopa in plasma) was by in- 

erpolation from the weighted linear regression line of the ratios of 

he peak areas of the analytical and internal standard. Lower limit 

f detection of levodopa was 10 ng/mL. The coefficient of variation 

ver the entire calibration range during assay process was < 4 %. 

thical Issues 

The study protocol was approved by the Ethics and Protocol 

eview Committee of the College of Health Sciences, University 

f Ghana, with a protocol identification number: CHS-Et/M.8 - 

.14/2018-2019. 
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Table 1 

Characteristics of chitosan-coated hydroxypropylmethyl cellulose microparticles of 

levodopa 

Characteristic Value 

Average size (μm) 0.5 

Polydispersity index 0.41 

Zeta potential (mV) 10.8 

Drug loading (%) 19.1 

Encapsulation efficiency (%) 95.7 

Fig. 1. Mean cumulative (%) release of levodopa from microparticles (n = 3) in 

phosphate buffered saline (pH = 6.8) at 37 °C. Error bars indicate SD. 
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Fig. 2. Plasma concentration-time (A) and semi-log concentration-time (B) curves 

of levodopa for the 3 Sprague Dawley rat treatment groups (n = 5) following respec- 

tive formulations administered at 20/5 mg/kg. Group 1 = Sinemet CR (a controlled 

release formulation of levodopa/carbidopa). Group 2 = levodopa/carbidopa powder 

(combined in a ratio of 4:1). Group 3 = levodopa/carbidopa (combined in a ratio of 

4:1). Error bars indicate SD. LD + CD = levodopa plus carbidopa. 
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ata analysis 

Data were expressed as mean (SD). Statistical test of signifi- 

ance was taken as P < 0.05, and performed on all continuous 

ata using unpaired t test for comparison of 2 independent sample 

eans, and 1-way ANOVA for comparison of more than 2 indepen- 

ent sample means. Pharmacokinetic parameters for levodopa in 

he 3 groups were determined by noncompartmental analysis. C max 

nd T max of levodopa were extrapolated from concentration-time 

urves. The k e was determined by linear regression analysis of the 

erminal-linear part of the log plasma concentration-time curves. 

UC and area under the first moment curve were calculated by the 

inear trapezoidal rule. Mean residence time (MRT) was calculated 

s area under the first moment curve/AUC. Pharmacokinetic anal- 

sis was conducted using GraphPad Prism 7.0 software (San Diego, 

alifornia). 

esults 

haracteristics of chitosan-coated HPMC microparticles of levodopa 

nd carbidopa 

Levodopa microparticles were characterized for their size, poly- 

ispersity index (PDI), zeta potential, drug loading, and encapsula- 

ion efficiency. These results are summarized in Table 1 . Carbidopa 

icroparticles had an average size of 0.67 μm with a PDI of 0.29. 

n vitro release of levodopa from microparticles 

Release of levodopa from the HPMC-chitosan matrix was stud- 

ed over a 24-hour period. The release of the drug increased 

teadily over time with maximum release of about 80% occur- 

ing at 12 hours. The in vitro release of levodopa is as shown in 

ig. 1 . 
4 
n vivo pharmacokinetic evaluation of levodopa/carbidopa 

icroparticles in Sprague-Dawley rats 

oncentration-time curve 

The concentration-time curves of levodopa in plasma for 

prague-Dawley rats in the 3 groups; Group 1 (positive con- 

rol: Sinemet CR), Group 2 (levodopa/carbidopa powder) and 

roup 3 (levodopa/carbidopa microparticles) are shown in Fig. 2 . 

 max was highest in the group administered levodopa/carbidopa 

icroparticles. 

harmacokinetic parameters of levodopa in treatment groups 

Comparison with 1-way ANOVA showed that T max , C max , 

UC 0–∞ 

, k e, t ½, and MRT of levodopa differed significantly ( P < 

.05) among the 3 treatment groups, as shown in Table 2 . 

Post hoc analysis; where Sprague-Dawley rats adminis- 

ered Sinemet CR is compared with rats administered lev- 

dopa/carbidopa microparticles and levodopa/carbidopa powder, is 

lso shown in Table 2 . Comparison showed that T max differed sig- 

ificantly ( P = 0.024) between Sprague-Dawley rats administered 

inemet CR and those administered levodopa/carbidopa micropar- 

icles. However, a comparison of T max between the Sinemet CR 
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Table 2 

Pharmacokinetic (PK) parameters of levodopa in the 3 treatment groups (n = 5). 

PK parameter Treatment group ∗ P value 

Sinemet CR † LD + CD powder LD + CD MP 

T max (h) 0.51 (0.12) 0.70 (0.17) 1.00 (0.35) ‡ 0.027 

C max (ng/mL) 95.52 (20.87) 44.70 (12.81) 262.43 (38.86) || 0.0001 

AUC 0–∞ (ng.h/mL) 354.69 (98.09) 105.82 (7.85) § 612.70 (17.42) § 0.0001 

k e (1/h) 0.11 (0.05) 0.44 (0.13) § 0.35 (0. 06) ‡ 0.0079 

t ½ (h) 6.14 (2.58) 1.57 (0. 43) ‡ 2.00 (0. 31) ‡ 0.0095 

AUMC (ng.h 2 /mL) 2018.10 (127.35) 324.53 (45.00) || 1763.47 (59.39) ‡ 0.0001 

MRT (h) 5.70 (0.26) 3.07 (0.01) ‡ 2.88 (0.03) ‡ 0.032 

AUMC = area under the first moment curve; LD + CD = levodopa plus carbidopa; MP = microparticles; MRT = mean residence time.C max = 

maximum observed plasma concentration; T max = time to C max ; K e = elimination rate constant; t 1/2 = elimination half-life; AUC 0–∞ = area 

under the concentration–time curve from time zero extrapolated to infinity. 
∗ Values are presented as mean (SD). Post hoc analysis are comparisons made with Sinemet CR (Merck Pharmaceutical, Kenilworth, New 

Jersey) formulation 
† Manufacturer name and location. 
‡ P < 0.05 for comparison with Sinemet CR formulation. 
§ P < 0.01 for comparison with Sinemet CR formulation. 
|| P < 0.001 for comparison with Sinemet CR formulation. 

Table 3 

Comparison of pharmacokinetic (PK) parameters of levodopa in current and previous studies. 

Parameter Current study Baek et al 21 Hsu et al 22 

Formulation Chitosan-coated HPMC LD-CD 

microparticles 

Floatable spray- coated 

LD-CD-ENT microparticles 

Extended release capsules of 

LD-CD 

Drug ratio LD:CD (20:5 mg) LD:CD:ENT (30:7.5:60 mg) LD:CD (390:97.5 mg) 

In vivo model Sprague-Dawley rats C57BL6 mice Healthy humans 

Levodopa dose (mg) 20 30 390 

HED (mg/m 

2 ) 120 90 240.5 

PK parameters 

T max (h) 1 4 4.5 

C max (ng/mL) 262.4 5038.20 1326 

AUC 0–∞ (ng.h/mL) 612.7 70492.05 7244 

t 1/2 (h) 2.0 5.4 1.9 

Normalized PK parameters 

T max (h) 0.01 0.04 0.02 

C max (ng/mL) 2.19 55.98 5.51 

AUC 0–∞ (ng.h/mL) 5.11 783.25 30.12 

t 1/2 (h) 0.02 0.06 0.01 

CD = carbidoba; ENT = entacapone; HED = human equivalent dose; HPMC = hydroxypropylmethyl cellulose; LD = levodopa. 
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roup and levodopa/carbidopa powder group showed no statisti- 

ally significant difference ( P > 0.05). 

C max of levodopa concentration after administration did not dif- 

er significantly ( P > 0.05) between the Sinemet CR group and lev- 

dopa/carbidopa powder group. However, C max was found to differ 

ignificantly ( P < 0.001) between Sinemet CR group and the lev- 

dopa/carbidopa microparticles group. 

A comparison of total drug exposure (AUC) between group ad- 

inistered Sinemet CR and levodopa/carbidopa powder, and be- 

ween Sinemet CR group and levodopa/carbidopa microparticles 

roup all differed significantly ( P < 0.01). 

Levodopa t ½ in the group administered Sinemet CR was longer 

ompared with groups administered levodopa/carbidopa micropar- 

icles and levodopa/carbidopa powder. This difference in t ½ was 

tatistically significant ( P < 0.05). 

Additionally, MRT of levodopa in the group administered 

inemet CR was longer than the other formulations ( P < 0.05). A 

omparison of pharmacokinetic parameters of levodopa in current 

tudy and previously reported studies is also shown in Table 3 . 

iscussion 

It is established that physical properties of active ingredients 

nd excipients such as particle size can influence processes like 

issolution and subsequently absorption of a drug. For these 

easons, it is important to measure and control drug particle size 
5 
uring drug design or formulation. The size of microparticles, 

or instance, can influence biodistribution and pharmacokinetic 

roperties of a drug. In the current study, the average size of the 

repared levodopa microparticles was 0.5 μm with a PDI of 0.41. 

he spray drying method has traditionally been used to produce 

articles with a narrow size, usually ranging from 0.1 to 10 μm. 

t is known that the nozzle used as well as some parameters such 

s pump rate and compressed spray air flows can affect size of a 

esultant microparticle. 23 Small nozzle diameter and increased air 

ow rate produces microparticles with small sizes. A small-sized 

icroparticle confers an extra advantage of a large surface area 

o volume ratio. Thus, for a given rate of drug diffusion through 

he microparticle, the rate of flux of drug per mass of formulation 

ill increase with decreasing particle size. In addition to a large 

urface area to volume ratio, water penetration into small particles 

ay be quicker (due to shorter distance from the surface to the 

enter of the particle), hence ensuring efficient drug release. 24 

Zeta potential of the formulated microparticles was positive 

ith a magnitude of 10.8. The stability of a suspension is usu- 

lly enhanced as the zeta potential increases in magnitude, but as 

t approaches zero the stability is reduced. Thus, the formulated 

icroparticles will be stable when reconstituted into a suspension 

efore administration. 

The percent drug loading of levodopa microparticles was mea- 

ured to determine the actual mass of active ingredient. With a 

rug load of 19.1%, the weighed 20 mg of microparticles contained 
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A

n actual drug content of 4.788 mg out of the expected 5 mg, giv- 

ng an encapsulation efficiency of 95.7%. The relatively high encap- 

ulation efficiency obtained gives an indication of how effective 

he HPMC polymer entrapped levodopa. These findings are con- 

istent with work done by Choudhary et al, 25 in which prepara- 

ive variables for floating microspheres of levodopa/carbidopa were 

valuated and optimized as a gastro-retentive drug delivery sys- 

em. Choudhary et al 25 showed that high drug entrapment ef- 

ciency of prepared floating microspheres of levodopa (resulting 

rom high polymer ratio) exhibited a prolonged drug release of 

bout 10 hours and buoyancy of more than 12 hours. 19 Arica 

t al 26 also prepared and evaluated injectable biodegradable car- 

idopa/levodopa microparticles. Likewise, optimization of formula- 

ion variables was done and increasing entrapment efficiency fur- 

her increased drug yield and extended duration of drug release. 

In the current study, in vitro release of levodopa from micropar- 

icles was controlled, showing a steady increase for first 12 hours, 

ollowed by a dip in the curve. The increase in drug release was 

ustained: with about 80% release of levodopa occurring after 12 

ours. The high entrapment effect reduced the adsorption of lev- 

dopa to the surface of microparticles, and thus minimized a burst 

elease and ensured a more controlled drug release from the mi- 

roparticles. However, the dip in the curve after 12 hours could 

e as a result of degradation of levodopa after its release into the 

issolution medium. 27 The controlled/delayed release of drug from 

icroparticles occurs naturally due to increased distance from sur- 

ace with time and also decreased drug concentration within the 

article. In actual fact, drug degradation was occurring the whole 

ime, but drug release exceeded the rate of degradation in the first 

2 hours. For the comparison drug, Sinemet CR, previous studies 

ave reported a release of about 90% of the active ingredient in 

bout 3 hours. 28 

Levodopa in solution can undergo autoxidation, a reaction ac- 

elerated by high pH. 29 A study by Di Stefano et al 30 supports the 

laim that levodopa is unstable and undergoes chemical hydrolysis 

t high pH. The pH of the PBS was used as the dissolution medium 

n the present study was 6.8. This could have increased the degra- 

ation of levodopa in the dissolution medium. Additionally, the 

egradation of the drug due to chemical hydrolysis in the disso- 

ution medium over time could account for the dip in the overall 

oncentration observed after the 12 hour time point, hence the dip 

n the curve as shown in the in vitro kinetic study. 

With the in vivo pharmacokinetic characteristics of the 3 

ormulations (levodopa/carbidopa powder, levodopa/carbidopa 

icroparticles, and Sinemet CR), it was evident that the 

ighest plasma levodopa level (C max ) was achieved with lev- 

dopa/carbidopa microparticles. These results are similar to other 

tudies that have compared microparticles with traditional dosage 

orms. 17 , 21 The small size of microparticles may enhance the ex- 

ent of absorption from the site of administration into circulation 

ue to the large surface area to volume ratio. Additionally, coating 

icroparticles with chitosan aids adherence of the formulation to 

ntestinal mucosal surface, thereby enhancing contact time and 

llowing for gradual release of the drug from the polymer for 

bsorption. The aforementioned properties of microparticles may 

ltimately lead to a high C max . 
31 C max of a drug is often related to

harmacological response. C max should ideally be above minimum 

ffective concentration but less than what would lead to adverse 

rug reactions. 32 

Levodopa T max in plasma was also evaluated in the current 

tudy. A comparison of T max between rats administered Sinemet CR 

nd levodopa/carbidopa powder showed no significant difference. 

owever, there was a significant difference between the T max of 

ats administered levodopa/carbidopa microparticles and Sinemet 

R. C max for Sinemet CR was reached at 0.5 hours, whereas for lev- 

dopa/carbidopa microparticles time to reach C max was 1 hour. At 
6 
ime 0.5 hours on the concentration-time curve, the plasma lev- 

ls of levodopa/carbidopa microparticles was higher than that of 

oth Sinemet CR and levodopa/carbidopa powder. It could be in- 

erred that this initial high plasma level of levodopa with the lev- 

dopa/carbidopa microparticles may be advantageous in achieving 

apid onset of drug action. 

Total drug exposure (AUC 0–∞ 

) was found to be highest with the 

evodopa/carbidopa microparticles. The microparticles had an AUC 

bout 2-fold greater than Sinemet CR. This high AUC of the mi- 

roparticles could be attributed to the small particle size and the 

ucoadhesive property conferred by the chitosan. This may have 

nhanced levodopa absorption across the intestinal lumen. There 

s often a direct relationship between AUC and bioavailability. 33 

hus, it can be inferred from the results that levodopa/carbidopa 

icroparticles may have had greatest bioavailability than Sinemet 

R and levodopa/carbidopa powder. Additionally, Bredberg et 

l 34 quoted levodopa AUC after intravenous administration as 42 

g/mL/min/dose. Based on this AUC intravenous administration 

alue, the calculated absolute bioavailability for chitosan-coated 

PMC levodopa (carbidopa) microparticles after unit reconciliation 

as 44%. 

The t ½ of levodopa for the various formulations were also es- 

imated. The half-life for Sinemet CR (6.1 hours) was longer than 

hat of levodopa/carbidopa powder (1.6 hours), and this difference 

as found to be statistically significant. This difference could be 

ttributed to the fact that Sinemet CR has been designed to re- 

ease levodopa over a long period of time (controlled release), 

hereas levodopa/carbidopa powder does not have any such mod- 

fication. A comparison of the half-life of levodopa for rats admin- 

stered Sinemet CR and levodopa/carbidopa microparticles showed 

hat the half-life of Sinemet CR (6.1 hours) was longer than lev- 

dopa/carbidopa microparticles (2.0 hours). Sinemet CR, a drug al- 

eady on the market, most likely has undergone many formulation 

odifications in order to prolong its release. It is noteworthy that 

lthough levodopa/carbidopa microparticles had a larger AUC than 

inemet CR, its decline at the terminal part of the concentration- 

ime curve was sharper. Data from this study suggests that lev- 

dopa was eliminated faster in Sprague-Dawley rats that received 

evodopa/carbidopa microparticles than Sinemet CR, and as re- 

ected in the k e of the 2 formulations: 0.35 h 

−1 versus 0.11 1/h. 

onclusions 

Compared with a prolonged/extended release product already 

n the market; that is, the Sinemet CR that was used in this study, 

evodopa/carbidopa microparticles coated with chitosan aids ad- 

erence of this formulation to intestinal mucosal surface, thereby 

nhancing contact time and ultimately leading to high C max of 

evodopa. 31 Despite the aforementioned improved pharmacokinetic 

haracteristics of the chitosan-coated HPMC microparticles of lev- 

dopa (and carbidopa), we suggest that a more improved con- 

rolled release profile can be achieved by use of high molecular 

eight HPMC and combinations of 2 to 3 different polymers. Fu- 

ure studies should be conducted to ascertain the biodistribution of 

his formulation; that is, the microparticles of levodopa/carbidopa, 

n the brain. 
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